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1. FX tail risk data

Daily mean returns are close to zero and the standard variation is much larger
suggesting the daily variation is considerableﬂ Moreover, the daily minimum and
maximum returns fluctuate widely, suggestive of tail risk. This is further confirmed
by the kurtosis parameters well in excess of 3. Visual depiction of the time series of
excess returns for the 20 currencies split into two groups is shown in Figure [I} Note

the larger number of tail events, particularly on the downside for non-G9 currencies.
[Figure [1]

Figure 2| shows the excess return correlations for the 20 currencies. The size of the
circle corresponds to the magnitude of the correlation coefficient while the color of the
circle corresponds to the proximity of the correlation coefficient to perfect positive
(in red) or negative (in blue) correlation. Note the strength of the correlations,
albeit with different signs, of those (G7 currencies plus DKK, SEK, CHF, AUD,
NZD) currencies in the top left-hand corner. Interestingly, these currencies display
relatively strong correlations with non-G9 currencies, depicted in the top right-hand
corner. The correlations of non-G9 currencies with each-other on the other hand,

although positive seem to be considerably weaker.

[Figure

Figure [3| shows the plot of the explained variance by the first three principal
components. Note that the first three components account for 52.76% of the vari-
ance. Figure |3|also shows a plot of the contribution of each variable to the first two
components (or dimensions) - note that arrows in the same direction imply stronger

positive correlation.

‘These results are available from the authors upon request.



[Figure 3]

Figures [4] and [5| show the currency excess return coordinates for the first nine
principal components and the time-series variance portion explained by the first
three PCs as well as their empirical sistribution respectively. It is clear that largest
proportion of variance for all currencies is accounted for by the first two components
with the third having a considerably smaller but still noticeable impact. Beyond this,
the incremental ability of the components to explain the variation of the currency

returns becomes negligible.

[Figures |4/ and

Figure [6] shows the joint distribution of the excess returns and aggregate system-
atic risk factor for each currency where the dashed lines demarcate the benchmark
case of 5% quantile. Note that, for comparison, the scale is the same across the nine
distributions.

The figure also shows the estimated asset pricing model. Clearly currencies differ
as regards to how closely their returns cluster around the prediction of the asset
pricing model. Some currency returns (e.g. DKK) cluster much more tightly around
the asset pricing line than other currency returns (e.g. JPY). Moreover, some tail
events are a lot more extreme for some currencies such as AUD or NZD relative to

other currencies (such as DKK).

[Figure []



2. Technical description of the GVAR model

We consider N countries, indexed by ¢ = 1,..., N. All countries relative to the
United States are small open economies, and we use country-specific vector autore-
gressive model with foreign variables (VARX*) to build the GVAR. All country spec-
ifications, except for the United States, incorporate the systematic component of the
tail risk, the conventional monetary policy announcements, and the unconventional
monetary policy announcements (or any of its components).ﬂ

The model for country 7 is

(I)i(Lapi)Xit =a; t+ Fz(LJ Qi)x;kt +uy

where x;; is a k; x 1 vector of domestic variables, x, is a k; x 1 vector of foreign
variables, time is t = 1,2,...,T, a;p is a k; x 1 vector of fixed intercept, and u; is a
k; x 1 vector of country-specific shocks such that u; ~ i.7.d(0, E”)H Additionally,
O;(L,p;) =1 -0, ®,L" and T;(L,q;) = L, T';L" are the matrix lag polynomial of
coefficients associated with domestic and foreign variables. Finally, p; and ¢; are the
corresponding lag orders for domestic and foreign variables. For this particular case
we assume it’s equivalent for five working days, results are robust to including lags
up to ten working days.

Country-specific foreign variables are cross-country averages of domestic variables
using bilateral trade data as weights, i.e. x}; = Eé-v w;;X;¢. For this project we use
bilateral trade date from 2000-2012 borrowed from Dovern, Feldkircher, and Huber,
2016L

Once country-specific individual estimation is complete, all endogenous variables

!/

are collected in vector x; = (X}, Xb;, ..., Xy;) and simultaneously solved exploit-

2The models follow closely the work of Dovern, Feldkircher, and Huber, [2016 and Mohaddes
and Raissi, 2019,
3The exogenous variables could be included here, although in our case we restrain from that.



ing the relationship through the country-specific weights. Following Mohaddes and
Raissi, 2019, it is possible to construct a compact expression of the full model
as G(L,p)x; = ¢, where G(L,p) = (A1(L,p)W1, Ay(L,p)Wy, ..., AN(L,p)Wy)/,
Ai(L,p) = ®i(L,pi) — Tu(L, ql)ﬁ Ve = (Y16, Yoty -, ne)" and Yy = aio + .

For all countries, except for the United States, the domestic endogenous variables

are

Xt — [SySt,TCLZ'lZ't, CMPZ't, NTMzt]/

or we replace NT M;; with APP;;. Foreign variables are

x}, = [Syst_Tail,, CM P, NT M}

or we replace NT M}, with AP Pj;. Finally, exogenous variables are [UScmpg, USntm;|'.
For the United States, the domestic variables are [UScmp;, USntmy]', or we
replace USntm;; with USapp;;. The foreign variables are the weighted average of
the systematic tail-risk (Syst_Tail,), and the weighted average of NTM (NTM};) or
any of it’s components. For this project we are using equal weights for all countriesﬂ
This approach to capturing the United States requires a few remarks. We do
not model U.S. (or any other) monetary policy akin to a Taylor rule. For example,
there is no proxy for the GDP or inflation gap in our framework. Instead, this way
of modelling assumes that the U.S. strategically responds to the systematic tail-risk
component of the rest of the block, as well as to their NTM decisions. Because
our interest lies in the FX/financial cross-border effects only, this is a reasonable
approximation without complicating the (already large) GVAR model too much.

However, we recognise that this is a reduced-form approach and assumes away any

“Note A(L, p) depends on p. The latter is p = max{py, p2, .., DN, q1, G2, --, ¢~ } and augmenting
the p — p; or p — ¢; addtional terms in the power lag of the operator by zeros.

5We could amend that to reflect their individual trade volumes or market power in the FX
market, but the conclusions would hold.



indirect cross-border channels going through the real economy (trade or UIP).

Identification of country-specific shocks is through sign restrictions. They are of
cross-sectional and dynamic nature, as in Feldkircher, Gruber, and Huber, 2020} In
particular we employ three such restrictions: (i) From our panel data analysis we
observe that NTM or APP increase the systematic component, so we impose a five-
days increaseﬂ within each country. (iz) Since the beginning of the NTM episode,
the (bank) policy rate has remained very stable and close to zero. So, within each
country, we assume that NTM or APP does not affect CMP announcement for
five days. (uii) Finally, previous literature (see reference at the beginning of the
document) suggest that NTM appreciates the currency of other countries. This
evidence is mostly between small groups of advanced economies, e.g. U.S. vs EUR.
Thus, we assume NTM or APP decreases the systematic component for one day.
This will only be applied to the following cohort of countries: Japan, Euro Area and
the UK.

Identification of U.S. shocks is also through sign restrictions. The panel analysis
shows that NTM or APP has a positive effect on the systematic tail risk. We therefore
assume a five-days positive shock for all countries.

The country models in the GVAR are estimated using Bayesian shrinkage priors.
For the country-specific VARs, the priors consist of standard non-conjugate Min-
nesota (see Koop, Korobilis, et al., [2010| or Litterman, 1986/ and Normal-Gamma
priors (Feldkircher and Huber, 2016) combined with Stochastic Search Variable Se-
lection prior as in George, Sun, and Ni, 2008. To find the impulse responses, the
impulse function draws rotation matrices using the algorithm provided in Rubio-
Ramirez, Waggoner, and Zha, 2010. Finally, the FEVD are based on the posterior
median of the corresponding rotation matrix that fulfills all sign restrictions at the

point estimate of the posterior median of the reduced form coefficients.

®Also tested up to ten days and results hold.



3. Asset Purchase Programs

Next, we contrast the impact of QE shocks. Figures [7] to report the IRF's
for domestic APP shocks. The results are qualitatively similar to those of NTM,
although the responses seem somewhat more persistent. The only difference is that
in the two-shock scenario, the largest responses arise when the shocks are UK- and
Euro Area-specific. This means that the largest cross-border QE transmission comes
from these two economies. This is in line with the intuition since these two central
banks are amongst those that have most actively used this tool. Yet, when we
sequentially add shocks, we find a slightly different behaviour compared to the NTM
case. In particular, the largest increase in responses occurs when we add Canadian
APP shock, suggesting that Canadian QE has had significant spill-overs. A New
Zealand APP shock leads to a mixed picture. While the IRFs of New Zealand, UK

and Japan increase, those of Euro Area and Canada decrease.

[Figures [7| to

Turning to the global APP shock in Figure the responses are again smaller
compared to the domestic shocks, yet larger than those for the global NTM shock.
Also this time, UK and Japan respond heaviest to a U.S. QE shock, followed by the
Euro Area and Switzerland. Therefore, Fed’s QE policy has had a wider and larger
cross-border impact, disproportionally contributing to the international transmission

of the latter.

[Figure

Ceteris paribus, the responses to a QE shock are larger than those following
an NTM shock. This implies a stronger cross-border transmission of a QE shock

compared to the average NTM shock. We take this as evidence that QE increases



considerably the (systematic) tail risk in the FX market, which may give rise to finan-
cial stability concerns, either through a global portfolio effect, or through common

FX exposure.

3.0.1. Forecast Error Variance Decomposition

Figures|15|to 19| report the same exercise but with a domestic QE shock. Overall,
a QE shock explains less of the variation in (systematic) tail risk compared to the
NTM shock. That is true for all except Euro Area and Canada, where it somewhat
outperforms the NTM shock at lower horizons. Yet, the largest difference is for UK,
where QE explains around 70% less of the total variation in the measure after horizon
1. At horizon 1, the reduction is around 40%. This implies that comparatively, QE
has mattered less for the variation in GBP tail compared to e.g. Switzerland or

Canada, after controlling for the Fed QE.

[Figures [15] to



Figure 1: Currency Excess Returns
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This figure shows excess returns for the 20 currencies split into two groups. The first group, labelled
G9 currencies depicted in the left-hand side panel, contains the currencies of developed economies
against USD. The second group, labelled non-G9 currencies depicted in the right-hand side panel,
contains the currencies of the remaining 11 developing economies against USD. This group displays
considerably higher volatility and more tail events, particularly on the downside.



Figure 2: Currency Excess Return Correlations
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This figure shows the excess return correlations for the 20 currencies. The size of the circle cor-
responds to the magnitude of the correlation coefficient - the bigger the circle, the stronger the
correlation between the two currencies. The color of the circle corresponds to the proximity of the
correlation coefficient to perfect positive and negative correlation - the deeper the red color, the
closer the correlation between two currencies is to +1 and the deeper the blue color, the closer that
correlation is to -1. Note the strength of the correlations, albeit with different signs, of the G9
currencies in the top left-hand corner.
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Figure 3: The Main Principal Components
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The left-hand side panel of this figure shows the proportion of variance of currency excess returns
explained by the first three principal components. The right-hand side panel of the figure shows
the contribution of each currency to the first two principal components (or dimensions). Note that
arrows in the same direction show stronger positive correlation.
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Figure 4: Principal Components Coordinates
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The figure shows the coordinates of principal components for G9 currencies.The PCs have been
computed using the full set of 20 currencies.

12



Figure 5: The Time-Series and the Empirical Distribution of the First Three PCs
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The left-hand side panel of this figure shows the time-series of the first three principal components
computed using the full set of 20 currencies while the right-hand side panel of the figure shows their
empirical distribution.
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Impulse Response Functions in the GVAR model - QF

Figure 7: QE: domestic shocks to Euro Area and Japan only
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We report the responses to a domestic APP shock in Euro Area and Japan. The figures represent the IRFs of
(from top-left to right-and-down): Canada, Switzerland, Euro Area, UK, Japan and New Zealand. The solid
line is the median response, the dark (light) grey shaded area represents the 68% (95%) confidence intervals.
The dotted red line is the zero-line.
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Forecast Error Variance Decomposition (FEVD) - QFE

Figure 15: FEVD: UK domes-
tic APP shock
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Figure 17: FEVD: Japan do-
mestic APP shock
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Share of Japan tail risk varia-
tion explained by the domes-
tic APP shock.

Figure 19: FEVD: Canada
domestic APP shock
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Figure 16: FEVD: Euro Area
domestic APP shock
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Figure 18: FEVD: Switzer-
land domestic APP shock
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Share of Swiss tail risk varia-
tion explained by the domes-
tic APP shock.
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Other estimation results

Table 11: Correlation: daily frequency

The table reports the estimated parameters of the short panel without correcting
for endogenous regressor, and their corresponding standard errors in square brack-
ets. The dependent variable is the systematic component of the tail risk calculated
with the last year of observations. Variables of interest are the daily change of im-
plied yields from future contracts at monetary policy announcements dates. We also
include three days posterior to the announcements. Additional controls are daily
changes of implied yield from future contracts at conventional and unconventional
monetary policy announcements dates from the United States. Country, month and
year fixed effects are included, as well as their triple interaction. We are using daily
data from January 1, 2000 to July 30, 2020. Standard errors are Driscoll-Kraay
adjusted with 2 lags. The symbols *,** *** denote significance at the 10%, 5% and
1% level, respectively.

10y 5y 2y 2m 1m 2m(r) 1m(r)

APP 0.031FF%  0.025%**  0.024***  0.026***  0.025%**  0.026***  0.025***
(0.010]  [0.009]  [0.008]  [0.008]  [0.008]  [0.008]  [0.008]
Collateral -0.042 -0.044 -0.027  -0.024** -0.032  -0.024***  -0.039
[0.068] [0.041] [0.039] [0.009] [0.031] [0.009] [0.030]
Forward G. 0.006 0.003 0.009 0.002 0.001 0.002 0.002
[0.007] [0.004] [0.009] [0.002] [0.002] [0.002] [0.002]
Fund -0.001 -0.001 0.006 0.002 0.002 0.000 0.001
[0.012] [0.012] [0.015] [0.009] [0.007] [0.008] [0.007]
Swap -0.066* -0.063* -0.081*  -0.049** -0.003 -0.050** -0.001
0.038]  [0.034]  [0.046]  [0.021]  [0.019]  [0.023]  [0.019]
CMP -0.006 -0.001 -0.009 -0.012* -0.010 -0.010* -0.009
0.008]  [0.002]  [0.007]  [0.007]  [0.007]  [0.006]  [0.005]
Obs 30,720 30,720 30,720 30,720 30,720 30,720 30,720

C.M.Y FE YES YES YES YES YES YES YES
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Table 12: Correlation: weekly frequency

The table reports the estimated parameters of the short panel without correcting
for endogenous regressor, and their corresponding standard errors in square brackets.
The dependent variable is the weekly average systematic component of the tail risk
calculated with the last year of observations. Variables of interest are the sum of
daily change of implied yields from future contracts at monetary policy announce-
ments dates. We also include three days posterior to the announcements. Additional
controls are the sum of daily changes of implied yield from future contracts at con-
ventional and unconventional monetary policy announcements dates from the United
States. Country, month and year fixed effects are included, as well as their triple
interaction. We are using weekly data from January 1, 2000 to July 30, 2020. Stan-
dard errors are Driscoll-Kraay adjusted with 2 lags. The symbols * ** *** denote
significance at the 10%, 5% and 1% level, respectively.

10y 5y 2y 2m 1m 2m(r) 1m(r)

APP -0.035 -0.032 -0.017 0.004 -0.001 0.002 -0.001
0.035] [0.033] [0.024]  [0.013] [0.015] [0.014] [0.015]

Collateral ~ -0.050 -0.061  -0.060 0.014 -0.020  0.017  -0.033
0.082] [0.079] [0.070]  [0.018]  [0.053] [0.019]  [0.055]

Forward G.  0.021  0.014 0.026  0.021***  0.006 0.021***  0.007
0.023] [0.022] [0.023)  [0.007] [0.023] [0.007] [0.022]

Fund 0.050  0.044 0.036 -0.024 0.009  -0.039  -0.008
0.042] [0.042] [0.045]  [0.045]  [0.028] [0.038]  [0.027]

Swap -0.133  -0.125*%  -0.147* -0.132*** -0.032 -0.119** -0.016
0.083] [0.071] [0.083]  [0.050] [0.047] [0.049]  [0.042]

CMP -0.043  0.008 -0.060** -0.017 -0.026 -0.016 -0.021
0.030] [0.012] [0.028]  [0.020] [0.027] [0.023]  [0.022]

Obs 7,147 7,147 7,147 7,147 7,147 7,147 7,147

CM.YFE YES YES YES YES YES YES YES
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